Background/Objectives: We applied three dietary assessment methods and aimed at obtaining a set of physical, social and psychological variables that can discriminate those individuals who did not underreport ('never under-reporters'), those who underreported in one dietary assessment method ('occasional under-reporters') and those who underreported in two or three dietary assessment methods ('frequent under-reporters'). Participants/Methods: Sixty-five women aged 18-57 years were recruited for this study. Total energy expenditure was determined by doubly labelled water, and energy intake was estimated by three 24-h diet recalls, 3-day food records and a food frequency questionnaire. A multiple discriminant analysis was used to identify which of those variables better discriminated the three groups: body mass index (BMI), income, education, social desirability, nutritional knowledge, dietary restraint, physical activity practice, body dissatisfaction and binge-eating symptoms. Results: Twenty-three participants were 'never under-reporters'. Twenty-four participants were 'occasional under-reporters' and 18 were 'frequent under-reporters'. Four variables entered the discriminant model: income, BMI, social desirability and body dissatisfaction. According to potency indices, income contributed the most to the total discriminant power, followed in decreasing order by social desirability score, BMI and body dissatisfaction. Income, social desirability and BMI were the characteristics that mainly separated the 'never under-reporters' from the under-reporters (occasional or frequent). Body dissatisfaction better discriminated the 'occasional under-reporters' from the 'frequent under-reporters'. Conclusions: 'Frequent under-reporters' have a greater BMI, social desirability score, body dissatisfaction score and lower income. These four variables seemed to be able to discriminate individuals who are more prone to systematic under reporting.
Introduction
Many studies assessed the effect of body mass index (BMI), dietary restraint, body image and social desirability on underreporting, but some of these revealed contradictory results (Ard et al., 2006; Rennie et al., 2006) . In addition, the role of other characteristics (such as physical activity, nutritional knowledge and binge eating) has not been elucidated.
Probably the characteristics associated with underreporting depend on the dietary assessment method used. In the OPEN Study, 24-h diet recalls (DR) and food frequency questionnaire (FFQ) were applied. Underreporting of energy intake (EI) occurred in both methods in 13% of the women (Subar et al., 2003) . This result is supported by the fact that underreporting is a subject-specific bias with a systematic and a random component (Kaaks et al., 2002) . Possibly, the study of the underreporters' characteristics finds inconsistent results because a part of the distribution of underreporters is randomized. It could be more productive to study the characteristics of the individuals who systematically underreport EI, independent of the dietary assessment method. Thus, we applied three DR, a 3-day food record (FR) and an FFQ in a sample of women, aiming to obtain a set of variables able to discriminate the individuals who did not underreport, those who underreported in a single dietary assessment method and those who underreported in two or three dietary assessment methods.
Participants and methods

Participants and study protocol
The community of two universities was invited to this research. Data collection occurred between December 2004 and July 2006, and participation lasted 3 weeks (Figure 1 ).
The Ethics Committee of the University of São Paulo approved the protocol. Individuals consented before participation and completed a questionnaire regarding their health, weight variations and dieting practices. Participants were 65 alphabetized, healthy, weight-stable women, aged between 18 and 57 years, and with a BMI between 18.5 and 39.9 kg/m 2 . Dieters, pregnant, lactating, smokers, and users of diuretics, thyroid hormones, appetite suppressants, topiramate and orlistat were excluded. The sample size met the guidelines for validation studies (Cade et al., 2002) , and calculations were made using OpenEpi software (Dean et al., 2007) Atlanta, Georgia, USA.
Dietary assessment
Three dietary assessment methods were used: three DR, a 3-day FR and an FFQ. The complete protocol has been described previously (Scagliusi et al., 2008a, b) . The DR used the USDA Multiple-Pass Method (Conway et al., 2003) . In the FR, volunteers were trained on the basis of a validated protocol (Scagliusi et al., 2003) to record food intake during three consecutive days. The FFQ estimated habitual dietary intake within the last month. It was self-administered, semi-quantitative and included 73 food items. Details of this instrument are provided elsewhere (Sichieri and Everhart, 1998) .
The analysis of the dietary assessments was performed by a trained dietitian, using Brazilian food composition tables (Lajolo and Menezes, 1997; NEPA, 2004) and the USDA Database (USDA, 2004).
Total energy expenditure measurement
To determine total energy expenditure (TEE) over a 10-day free-living period, a two-point doubly labelled water (DLW) method was used. DLW was given orally at a dose of 2 g of 10%
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O-labelled water and 0.12 g of 99.9% deuteriumlabelled water per kilogram of body water. Urine specimens were collected 2, 3, 4 and 5 h after administration. In the morning of day 10, participants provided two final urine specimens. Complete details of the procedures can be found elsewhere (Scagliusi et al., 2008a, b) .
An enrichment of the isotopes in the specimens was determined by isotope ratio mass spectrometry. Isotope dilution spaces were calculated according to Schoeller (1996) . Elimination rates of the isotopes were calculated according to Speakman (1998) . The rate of CO 2 production was calculated according to Schoeller (2002) , and TEE was calculated using the Weir equation (Weir, 1949) , assuming a respiratory coefficient of 0.85.
Five participants had their TEE determined a second time, within 1 month, obtaining a within-participant variation coefficient of 8.8%. (Andersen et al., 2003) . CVTEE denotes within-participant variation coefficient in TEE measured by DLW (8.8%).
Definition of underreporters of EI
Number of days of dietary assessment is denoted by d (three for DR and FR). As the FFQ refers to habitual intake, the number of days is considered as infinite and the expression of CVEI disappears (Andersen et al., 2003) .
Using the FFQ as an example, the above-cited equation becomes Thus, for the FFQ, underreporters were defined as those who did not lose at least 1 kg of body weight and presented EI:TEE less than 0.82. The same was carried out for the other methods: those who did not lose more than 1 kg of body weight and obtained EI:TEE less than 0.69 in the DR and smaller than 0.68 in the FR were considered as underreporters.
The limit of 1 kg of body weight was set because underreporting is the report of an EI lower than TEE without weight loss. However, the literature does not define what 'without weight loss' means in kilograms. We establish this limit considering that a loss greater than 1 kg probably is not derived from normal variations and, instead, represents a weight loss caused by an energy deficit.
The proportion of underreporters was identified for each method. The sample was then divided into three groups: (1) 'never under-reporters', those who did not underreport their EI in any method; (2) 'occasional under-reporters', those who underreported their EI in one method; and (3) 'frequent under-reporters', those who underreported their EI in two or three methods.
Psychosocial and lifestyle questionnaires
Binge-eating symptoms were evaluated by the Binge Eating Scale (Gormally et al., 1982; Freitas et al., 2006) . Dietary restraint was measured by the Restraint Scale (Herman and Mack, 1975; Scagliusi et al., 2005) . Nutritional knowledge was assessed by the scale used in National Health Interview Survey Cancer Epidemiology (Harnack et al., 1997; Scagliusi et al., 2006b) . Social desirability was measured by the Marlowe-Crowne Social Desirability Scale (Crowne and Marlowe, 1960; Scagliusi et al., 2004) . Physical activity practice was evaluated by the Baecke Questionnaire (Baecke et al., 1982; Florindo and Latorre, 2003) .
Body dissatisfaction was assessed by the Figure Rating Scale (Stunkard et al., 1983; Scagliusi et al., 2006a) , consisting of nine female figures numbered from 1 to 9, ranging from thin to obese. Participants chose one figure that represented their body currently and one that represented the ideal body. Body dissatisfaction score was calculated by subtracting the number of the ideal figure from the number of the current figure.
For all scales, higher scores reflect higher levels of the behaviour or attitude assessed.
Assessment of other variables
Participants classified themselves as black/mulatto, white or Asian Brazilian. Height was measured with a stadiometer to the nearest 0.5 cm. Participants were weighted with a digital scale to the nearest 0.1 kg. Height and weight were used to determine BMI. Body composition was determined by a skinfold measurement protocol, developed for Brazilian women (Guedes, 1994 ).
Participants reported the highest level of education attained (which was transformed into the number of years of schooling), the number of people living in their households and their total income (which was divided by the number of residents and then converted into dollars).
Statistical analyses
Analyses were performed with Statistical Package for Social Sciences 12.0 (SPSS Inc.). The significance level adopted was 0.05. The sample's characteristics were presented as means, s.ds., medians and ranges. The methods below were based on Hair (1995) .
We used a multiple discriminant analysis in order to (1) determine if the groups 'never-under-reporters', 'occasional under-reporters' and 'frequent under-reporters' presented different profiles on our set of variables (BMI, income, education, dietary restraint, binge eating, body dissatisfaction, social desirability, nutritional knowledge and physical activity); and (2) determine which combination of these independent variables would discriminate these groups the best.
These linear combinations of independent variables are named discriminant functions. Once they were determined, a discriminant score was calculated for each participant, considering the value he presented for the variables that entered in the functions. The purpose of the functions is to classify the participants as 'never-under-reporters', 'occasional under-reporters' and 'frequent under-reporters', without considering their EI and TEE. The functions classify the participant by considering only the discriminant score (that is, those significant independent variables).
Three groups were being compared, thus two discriminant functions were derived (the number of discriminant functions is always equal to the number of groups minus 1). The first function separates the 'never under-reporters' from the other groups, whereas the second function discriminates the 'occasional under-reporters' from the 'frequent under-reporters'. Wilks' Lambda tested whether the three groups had any difference in their mean of each independent variable. Thereafter, a stepwise estimation obtained the discriminant functions, that is, the set of variables that could discriminate the groups. The independent variables entered into the function one at a time on the basis of their discriminating power (the best enters first). In each step was included a variable that improved the discriminating power of the function in combination with the others already chosen. We set the F to enter at 1.0 or larger. Wilks' Lambda and the w 2 tests analyzed the level of significance of the discriminant functions obtained, that is, if the mean discriminant scores obtained by each function was different between the 'neverunder-reporters', 'occasional under-reporters' and 'frequent under-reporters'.
Each function obtained eigenvalues, percentages of explained variance and canonical correlation coefficients. Eigenvalues are the ratio of between-group sum of squares to the within-group sum of squares. The eigenvalues and the percentage of explained variance assess which function accounted more for the dispersion of the three groups' means. The canonical correlation measures the association between the discriminant scores obtained by each function and the three groups.
The discriminant loadings and potency indices determined which variable contributed more to the differences between the groups. Discriminant loadings are the correlation between each variable and the discriminant function. Variables with higher loadings present a higher discriminatory power in that specific function. For example, if a variable has a higher discriminant loading in the first function, then this variable has an important function in separating the 'never under-reporters' from the other two groups. Potency indices express the contribution of a variable to the function and the relative contribution of the function to the overall solution.
To assess the predictive ability of the functions, participants were classified into the three a priori groups ('neverunder-reporters', 'occasional under-reporters' and 'frequent under-reporters') according to the discriminant score they obtained, without considering their EI/TEE. To compare this classification with the real one (made by the evaluation of the EI/TEE ratios), the hit ratio was calculated, which corresponds to the percentage of participants correctly classified into these groups by the discriminant function. Finally, the hit ratio was compared with the percentage of participants who could be classified correctly by chance (without the discriminating functions). The determination of chance classification was based on the maximum chance criterion. The maximum chance criterion is equal to the percentage of the total sample represented by the largest of the groups, which was 36.9%. Thus, if our functions had a good predictive ability, it should be able to correctly classify more than 36.9% of the participants into the groups 'neverunder-reporters', 'occasional under-reporters' and 'frequent under-reporters'. Another way to evaluate our discriminant functions is through Press's Q statistic, the formula of which is given below:
N denotes total sample size, n is the number of observations correctly classified by the functions, K is the number of groups. The value obtained should be higher than the critical value-a constant that corresponds to the w 2 -value for 1 degree of freedom at 0.05 significance level-which is 3.84. Table 1 shows the participants' characteristics. Table 2 presents the proportions of 'never under-reporters', 'occasional under-reporters' and 'frequent under-reporters', and the characteristics of these groups. The frequent underreporters presented a lower income and a higher social desirability. Table 3 summarizes the four steps of the estimation of the functions, showing how the inclusion of each variable changed Wilks' Lambda, the F-value and the significance of the functions. This first procedure identified four variables that could discriminate the participants into the three groups: income, social desirability, body dissatisfaction and BMI. These variables were combined in the canonical discriminant procedure and two functions were formulated. Table 4 shows the results obtained by the functions. The first function obtained a larger eigenvalue, thus this function accounts more for the dispersion of the three groups' means. Another indicator of the contribution of each function is the percentage of explained variance. The first function also contributed most to the variance, but there was still 'room' for the second function. The two functions had similar canonical correlation coefficients and, according to Wilk's Lambda and the w 2 tests, both functions were significant. Table 5 shows the discriminant loadings and potency indices for all variables tested. The variables not included in the model presented lower discriminant loadings and potency indices, supporting the analysis. The discriminant loadings showed that income, social desirability and BMI contributed more to the first function, hence these variables are important characteristics that separated the 'never underreporters' from the other two groups. Body dissatisfaction contributed more to the second function, hence this feature mainly separated the 'occasional under-reporters' from the 'frequent under-reporters'. According to the potency indices, income contributed more to the total discriminant power of the solution (that is, considering both functions together), followed in decreasing order by social desirability, BMI and body dissatisfaction.
Results
The percentage of participants correctly classified as 'never-under-reporters', 'occasional under-reporters' and 'frequent under-reporters' considering only their discriminant score was 64.6%, whereas the percentage of participants who could be classified correctly by chance was 36.9%. Moreover, Press's Q statistic was 28.62, which is superior to the critical value of 3.84.
Discussion
We identified a set of variables (BMI, social desirability, body dissatisfaction and income) that discriminate the individuals that underreport occasionally and frequently. These Characteristics of frequent underreporters FB Scagliusi et al characteristics were used to classify the individuals, and the percentage of participants correctly classified was superior to those that could be obtained by chance. This finding represents an advance, as previous studies have identified the characteristics related to underreporting using only one dietary assessment method. The fact that these variables identified can be easily measured, even in large samples, is relevant. According to potency indices, income was the variable with the highest total discriminatory power. Individuals with a lower income might have more difficulties in the reporting tasks. Although some studies already observed that underreporters have lower income or education (Winkvist et al., 2002) , the discriminant analysis used in our study allowed us to observe the importance of this variable. One may argue that income was highly relevant in this study because it was conducted in a developing country. Nevertheless, our sample had a wide range of income.
Social desirability was the variable with the second highest discriminatory power. Among all the psychological characteristics cited in the literature, this is the most correlated with underreporting (Maurer et al., 2006) . Hebert et al. (2002) found that the negative correlation between reporting accuracy and social desirability was higher for an FFQ than for a DR, whereas Tooze et al. (2004) found opposing results. This study showed that social desirability was a remarkable feature of those who underreport constantly and independently of the method used.
Body mass index was also an important variable in discriminant functions. This was expected, as many researches indicated that obese underreport more (Tooze et al., 2007; Murakami et al., 2008) . However, it is important to remark on the following: First, our study used DLW, which provides a valid determination of TEE for obese individuals. Most of the studies used basal metabolic rate equations to detect underreporting, but these equations may overestimate the expenditure of obese and then overestimate underreporting. Second, although BMI was an important variable, it was not the most important.
Body dissatisfaction was the most important variable of the second function; hence, it is a relevant feature of frequent underreporters, independent of BMI. In the OPEN study, underreporters from both genders had a higher body dissatisfaction when data from the DR were analyzed. Nevertheless, when a logistic regression was conducted, this variable did not enter the model (Tooze et al., 2004) . This inconsistency can be attributed to the cultural differences between the samples and to the difficulty in measuring body image (Gleeson and Frith, 2006) . Notwithstanding, results from qualitative studies corroborate our findings (Vuckovic et al., 2000) .
It is important to discuss some of the variables that did not contribute to the model, such as dietary restraint. One Functions: set of independent variables that discriminate the groups 'neverunder-reporters', 'occasional under-reporters' and 'frequent under-reporters'. Function 1 separates the 'never under-reporters' from the other two groups, whereas Function 2 discriminates the 'occasional under-reporters' from the 'frequent under-reporters'. b Linear correlation between the independent variables and the function. Variables with higher loadings present higher discriminatory power in that specific function. possible explanation is the correlation between this variable and BMI (r ¼ 0.82). It is possible that the inclusion of BMI accounted for most of the effect. Another explanation is the exclusion of dieters from our sample. We expected the frequent underreporters to have a higher nutritional knowledge, which was not verified. This hypothesis came from observing people's tendency to underreport more foods considered unhealthy (Lafay et al., 2000) . The questionnaire used in our research measured knowledge about the relationship between diet and health. However, it is probable that the myths about food lead to underreporting. Future researchers should test this hypothesis. Our study has some limitations. Sample's size was small, although it was adequate for the methods used. These findings should be replicated in larger samples and with different characteristics (men, elders, different countries).
Summarily, underreporting is a complex phenomenon, which tends to occur systematically in persons with specific characteristics. Researchers should consider that eating is a symbolic act, which is sometimes contrary to the objectivity required. This impasse may lead to artificial and vague answers. Nevertheless, dietary assessment methods remain necessary in our field. Thus, the inclusion of the variables identified by this study as covariates may be useful.
